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ABSTRACT

An insnwmcn[ has been built 10 monitor the ‘uranium con-
cenmauon in a liquid-waste so-cam 10avoid a Cri[icali[y acci-
dent in a downstream holding [ank, The rnciwmawncnt tech.

nlque is based on [he production and counting of delayed
neumocs using the “shuffler” process bccausc [he waste
contains enough fission producrs 10 produce a gamma. ray

dose rme of 10 FM m [he sufiacc of the assay Iank.

The design goal was a sensi[ivii~~ of 0.034 g/L (lCS = 10%)

In 100 s as [he scream flows al 80 IJFI through the assay
chamber, The insmumem is 10 run unattended for at least
three mon[hs: during [his time i[ is IO mansmil assay results
10 [he plam computer and generate warnings and alarms
when necessnry,

1, THE MEASUREMENT PROBLEM AND
TECHNIQUE

The uranlu.n conccnlrm~on In a rafflnme line is [0 be
continuously monllored 10 avoid a criticality accident in a
holding tank, The imensuy of rhe 233U gammwmy emission
IS much wenkel than that from fission pmcfsscIs(prrx.iucing
10 R/h on [he sutiace of the assny chamlmr), and the rate of
spontaneously cmilled neutrons IS Km small for uscflll

assays. l%e mea~uremtn[ Iechnlque IS Ihus blsed on

producing and counting delayed neuwons [hrough [he

“\hu(fler” process, 1.4

A ~~~Cf source IS shullled Iwwcen a smrage shield
.md [he assay chaml-er, The source Imndis[es the liquid in
Ihe assay chamber, and is rcuactcd info (he shield. lXIAyed
neurrons arc then c)unmd, Repealing this prrrIccsI t few

Ilmes generales cno Jgh neur,roncounts 10reach Ihc desired
t]wmurcmcnt pmcls,on,

‘[~e C!CIIMII UDU~WIM a $CnWllVllyUf ().()]4 @ flu =

lo%) In 100”s as Ihc jlwum flows UI II() [t20) [A Ihrough

[he may chamber. The insmmcm is [o narrunmended for
m Ieasl hrce months; during this time it u 10 oarswniI assay
resul[s 10 [he plain’s computer and generate warnings and
akms according to Lhcaswy msulta.

Il. THE INSTRUMENT

A 2-L assay chamber, mounted on tie wall of s hot
tell, forms parsof [he rmflhrarc line. l%e chamber iss cylin-
drical annulus, so the ~~f is centeml in tk annulus during
Irradiation 10 minimize shesize of the source. variations in
[he flow rate have a mall effect on tie way; Kcuracy is
improved by raking rhe flow nk into WCUML

The ~Hc detector tubs arrdamplifiers must tu in the
hol cell around [he assay chamber, but k resf of the hard.
ware is in tie conidor oursidedw ha cell whcm rna.intemncc

IS simple, To enhance the rcli-bility of M quipmcnt In the
hol cell, Ihe detectors arc grouped in[o tmnka, c~h WIlh its
own vol[agc supply and mpllficr. Should a problem LXdc-
tccled in a bank, it can & tuned off undl il Lmxrmcspmble
10cn(cr the ho[cell and rcplr~c It

13e ncmmalcmscenrrarim is telow the sensitivity of [he
inswumcnt, so [he cxpccmd nomul asaty value is mm. To
check [hat Ihc instmmcnt is working properly, a sample of
215(J is perim!icnlly driven into rhc cemer region of tic an.
nul;~r chamber: an asmy wilh Ibis sample Prcscn( is com-
pmcd 10a prCWOUSly deurmin~ w.rrlmj value,

Skppln rno!om drive cables httxhcd to the 2~~Cf
fwmrcc und 2 ~lJ mnsple, ‘flese materials are stcmedI I a

plug [hrough (he concrete wall connecting the hoi cell \ Ilh
[he cumdrx.

‘Ilc instmmcm is controlled by a computer. The user
IIILIy change !hc paramaen of the various opemtiona with IS
v)(lwitrc (lpIlon, When [old 10 pcrfonm conunuous assays,

lhectm~pu[cr sends commands to move [he 2~2Cf source



and the ~35U sample, start and stop timers and counters,and
read counter registers. The computer displays the most re-
cent results and trends on its video monitor while archiving
data on its h?rd disk, transmitting the assay results to the
plant compu[er, and closing warning or alarm relays when
appropriate.

The computer corrects the delayed-neutron counts for
the decay of ‘&e 252Cf source, the neutron background, the

raftinate flow rate, and smail variaaons in the irradiating flux
and irradiation or counting times. The result is converted
into a 235u concentrationthrougha calibnttion ctsme.

A low-precision concentration is computed after every
individual shuffle of the z52Cf source (that is, about every
20 s); if this result is above 0.5 @, an aJatm is generated.
After five such shuffles, z more refined assayk completed
with the desired precision by combming ail the counts. [f
the result is kss than 0.02 @L, no warning or alarm is
givsn. If the result is between 0.02 and 0.034 g/L, a
warning is issued, An assay greater than 0.034 g/L war-
rants an alatm These key concentrations can be quickly
changed through the sor’twarc by a user with a proper pass.

word,

The instrument can detect some important malfunctions
and Ilcrt operators to the problems. After every shuffle, the
counts in the detec!or banks arc compared to m expected
ratio; If Ihe measured ratio is sufficicndy different from the
expected ratio, a malfunction is suspected, If the flux mon-
itors do not count an expected numbsr of neutronsduring the
Irradiation time intetwtd, either the monitors arc malfunc-
tioning or the 2$2Cf source is not being posiciod properly.
Background counts are taken periodically, If a &ount CX.
ceedsa preset Iimlt. the equipment or the separationprocess
could be malfunctioning, If the may with the 2~5Usample
present IS :nsufficiertlly close 10art expected value, an ahtn
IS sent,

Ill. PRELIMINARY RESULTS

The instrument and a test flow loop ha$e measured

nitric acid solutions of Z35Uof known concentrations, Fiml
tesrtngand calibmtmrt WIII b done after installation,

The optimum pctfotmarice of the instrument was found
by using inadiation times of 11 s md delayed-neurmn count
[imes of 7 s for each shuffle, A total of five such shuffles
constitutes a 100-s assay.

The effect of the liquid flow rate through the assay
chamber o~l the ismdiation and coundng processes cannot Ix
ignored. The nominal flow rate of 80 L/h rduces the count
rate to about 87% of a static solution’s count rate. With a
change of t20 IJh from the 80 IA, the count rate changes
by about 3%.

The precision of a measurement depends on the num-
ber of delayed neutmts counted, the backgmttnd count rate,
the precision of the variaus corrections to the count rate,
and the precision of the parameters in the calibration cuswe.
Tl_Ieassay #recision cannot be known unal after installation,
but i, appears that the design goal of 10% in 100 s with
0.034 g/L will be achieved,
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